Objective: To describe the challenges in recruitment of a national sample of young Australian women for a study of their physical and psychological wellbeing.
A n important goal of a populationbased survey is to ensure the study sample is representative of the population sampled, hence achieving generalisability of the findings, usually described as external validity. 1 It is generally assumed that a low response rate precludes external validity, such that "survey studies should have sufficient response rates (generally at least 60%) and appropriate characterisation of non-responders to ensure that nonresponse bias does not threaten the validity of the findings". 2 If the representativeness of the study sample can be demonstrated, irrespective of the response-rate, then external validity has been achieved.
In recent years, postal recruitment of young women to questionnaire-based surveys has resulted in low response rates, at high cost per participant recruited. 3 This reflects the change in personal communication from individuals using traditional home postal addresses and directory-listed landline telephone numbers to technology-based personal communication through unlisted mobile phone numbers, email and social media. Hence, web-based recruitment has been identified as more suited to a young population. 4 The use of internet-based recruitment challenges the benchmarking of external validity by response rates. 5 With webbased approaches, it is not usually possible to characterise non-responders for a range of reasons, including privacy constraints, and when social media is employed to recruit participants, the denominator for the response rate cannot be established.
The Grollo-Ruzzene Foundation Young Women's Health Study (GR Study) is being undertaken to document the physical and psychological wellbeing of young Australian women, including the prevalence of menstrual disorders such as polycystic ovarian syndrome (PCOS). Full recruitment of this large population-based sample was achieved by predominantly electronic means. This paper describes the challenges in recruitment of a national representative sample of young Australian women by predominantly electronic means.
Methods
The GR Study is a cross-sectional, web-based questionnaire study of Australian women, aged 18 to 39 years, living in the eastern states of Victoria, New South Wales (NSW) and Queensland, a subset of whom were asked to provide a blood sample.
Study participants
To access a representative sample of women of the specific age group residing in the target area we recruited through two large databases, Roy Morgan Research (RMR) and Survey Sampling International (SSI 
Sample size
The sample size calculation for this study was based on the precision of the estimate of the prevalence of PCOS of 10%. We estimated that if we recruited 7,000 women, approximately 3,710 would be suitable to provide a blood sample (excluding women using hormonal contraception, pregnant or breast feeding). Of the 3,710, we expected that two-thirds (2,597) would be prepared to provide a blood sample. With information on 2,597 women, the 95% confidence interval for the prevalence estimate of PCOS of 10% would be +/-1.1% or 8.9-11.1%.
Data collected
The study questionnaire captured information about socio-demographics, lifestyle (exercise, smoking and alcohol intake), general medical and reproductive history, menstrual patterns and symptoms, family history, use of medications for anxiety and depression, and complementary therapies. It included several validated tools. A 'soft launch' involved inviting a small number of potential participants to test the online invitation system and functionality of the questionnaire and was the final opportunity for amendments. Blood testing included a standard biochemical and haematological panel, reproductive hormones, thyroid function, ferritin and lipids. Analytes routinely analysed on different platforms were transported to one laboratory and analysed on a single platform. Sample aliquots were stored at -80°C for future analysis. The pathology test results were reviewed and participants contacted if clinically indicated. Any participant whose questionnaire responses indicated risk of selfharm was followed up within 24 hours.
Results
A total of 94,546 email invitations were sent to women aged 18 to 39 years living in the Australian states of Victoria, NSW and Queensland. These were sent in waves to avoid a rapid response overwhelming the blood collection facilities. From the 94,546 email invitations sent, a total of 598 women (0.6%) completed the questionnaire upon receipt of the initial invitation.
Two hundred email invitations were sent during the soft launch and seventeen women (8.5%) completed the questionnaire. The soft launch identified that a complex menstrual symptom question limited progression, so this question was modified. The response to the first full recruitment wave was lower than anticipated. Reminder emails, highlighting the main points of the study and including a link to the questionnaire, were sent after six weeks and the invitation email was reworded to emphasise the important contribution participation would make to the understanding of young women's health. In total, 6,455 (6.8%) were recruited in response to the email invitations.
To determine if text messages would assist recruitment following an initial email, and as a check as to whether emails were being received, 1,000 randomly selected nonresponders were sent a study invite by text message. This resulted in fifteen (1.5%) additional questionnaire completions. This did not provide meaningful information as to whether the original email was received or not. Phone recruitment was then explored. A total of 3,614 non-responders were randomly contacted by phone and those who agreed were sent the email invitation. This resulted in a further 516 (14.3%) questionnaire completions. Budget constraints prevented phone contact with all non-responders.
A total of 8,193 questionnaires (8.7%) were accessed and ultimately 7,053 (86.1%) questionnaires were completed between 11 November 2016 and 21 July 2017 ( Figure 1 ). Sixty-six duplicates, women who had been recruited through both the RMR and SSI databases, and one woman outside the target age range were removed, leaving 6,986 study participants, representing 7.4% of the total number of invitations sent.
Of the 6,986 participants, 3,689 were eligible to provide a blood sample, and of these, 761 (20.6%) provided a sample by 30 September 2017. The approaches to improve responses to the request for a blood sample are shown
Women's Health Recruitment of young women: methods and challenges in Figure 2 . Three months into the recruitment process, uptake from the invitation to provide a blood sample was low. Therefore, to boost blood sampling, the value of the gift voucher was increased to $50, reminder emails were sent, and phone contact was attempted with the 2,929 women who had been invited to have a blood test but had not done so. Contact was achieved for 553 women. Ultimately, 756 blood samples from eligible women were available for analysis.
Cumulative recruitment of women who completed the questionnaire and of women who provided a blood sample is shown in Figure 3 . By the end of the recruitment process, the cost per completed questionnaire was $36.38.
To evaluate the representativeness of the study sample relative to the women of the same age in Victoria, NSW and Queensland and the Australian population, key sociodemographic characteristics of the study participants were compared with those of women within the same age range included in the ABS data set, which was generated from the national Census 6 ( Table   1 ). The study sample resembles Australian women, and women in Victoria, NSW and Queensland, with regard to age distribution, relationship status and occupation. The geographic distribution of study participants approximated that of women of this age across the included states. When compared with the ABS data for women living in Victoria, NSW and Queensland aged 15 to 44 years, women in the study sample were more likely to be educated beyond secondary school (70.0% versus 65.7%) and born in Australia (80.1% versus 64.8%). Women in the study sample were more likely to live in an apartment or flat compared with data from the general Australian population (25.9% versus 13.1%).
The women invited to provide a blood sample resembled the women excluded from providing a blood sample in regard to state of residence, housing type, working status, occupation and education, but were older and less likely to have been born in Australia (76.4% versus 84.1%). The women who provided a blood sample were older, more educated and more likely to be partnered than the women invited, but who did not provide a blood sample. Women who provided a blood sample were older, more likely to have been born in Australia, more likely to be married and more educated than the women in the ABS data set.
Discussion
Recruitment by predominantly electronic means has achieved a study sample with a profile representative of the population from which they were recruited by comparison with ABS data.
The ABS data is of people in Australia on Census night, and thus includes visitors and international students. In 2017, there were 799,371 international students, mostly from Asia, of whom only about 25,000 were enrolled in schools. 7 Assuming that half of the students were women, the international female students in higher education would account for approximately 11% of the women aged 18 to 39 years in Australia on Census night. Thus, our sample, in terms of country of birth, is likely to be more closely representative of Australian residents of the target age than is suggested by comparison with ABS data.
To include women aged 18 to 24 years in our sample for comparison with ABS data for education beyond year 12, we needed to include the ABS data for women aged 15 to 24 years. Although women aged 15 to 17 years will not have completed education beyond year 12, they comprise 10.4% of women aged 15 to 40 years in Victoria, NSW and Queensland. 6 Consequently, ABS data for education beyond year 12 for women aged 15 to 44 provides the best comparison for our study, but also most likely underestimates the actual proportion of women aged 18 to 40 years with higher education. Therefore, taking the above into account, our sample is likely to be representative of women residents of Australia, aged 18 to 39 years with respect to level of education and country of birth, in addition to being representative with respect to age distribution, state of residence, relationship status and occupation. The true response rate for recruitment to that study, from women who were exposed to a study advertisement or invitation, cannot be determined but is likely to have been low. Rather than using an open-ended, social media approach, recruitment to the GR Study was achieved using established databases that are specifically designed to be nationally representative, and from which we have previously successfully recruited representative samples of older Australian women. [8] [9] The success of this approach, in terms of the commitment of responders, is evidenced by 86.1% of women who initiated the questionnaire going on to complete it in the present study, as opposed to only 31.2% of those who initiated the survey for the ALSWH, recruited by social media, comprising the final study sample. 4 Although alternative approaches were initiated to boost recruitment during the study, the greatest influence on the recruitment rate was the number of women invited to participate, such that as more invitations were sent, more questionnaires were completed.
Response or outcome rates are traditionally used to benchmark external validity of a survey, and a range of formulas have been developed to calculate outcome rates for this purpose. 5 Outcome rates are considered to provide assurance that non-response bias has been minimised within the study. In other words, when a representative cohort has been invited to participate, if the majority contribute to the research then results will reflect the general population. However, it is not a low response rate in itself that results in bias; meaningful differences between those who participate and those who do not limit generalisation of the findings to the population as a whole, even if the response Thank you for the opportunity to review the proof of the above article.
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Page 3, column 3, paragraph 1, line 19 -please change "in additions to being" to "in addition to being" i.e. please remove 's' in 'addition' rate is high. 10, 11 But, as the characteristics of the non-responders cannot always be established, minimising the proportion of non-responders is intended to reduce the impact of any differences on the research outcomes. The American Association for Public Opinion Research has highlighted that outcome/response rates for surveys should not be considered the only means by which to judge the quality or external validity of a survey. 5 Other robust approaches are to identify and quantify differences between responders and either the population from which they were sampled or non-responders, when their characteristics are known.
Although the current study returned a relatively low response rate, comparison with known characteristics of women aged 18 to 39 years, living in the states from which they were recruited, provides confirmation that this study has recruited a representative sample. Furthermore, the profiles of the participants not invited to provide a blood sample, as well as those who were invited but chose not to provide a sample (blood sample non-responders), provide confirmation that women who provided a sample (blood sample responders) were representative of the study population, as well as women in the community. That the women who provided a blood sample were more likely to be educated beyond high school than the other study participants is consistent with more educated women engaging in research and health surveys. 4, [12] [13] [14] [15] Taken together, comparisons of several key socio-demographic parameters for the GR Study sample with the ABS database demonstrate that the conclusions drawn from future analyses of the GR Study can be generalised to women in these eastern Australian States and, for some outcomes, the general Australian population.
The cost of recruitment for the GR Study is comparable to the cost of recruitment by traditional post to the ALSWH study in 1992 and is more cost-effective than the same recruitment strategy used in the CUPID trial in 2012. 3 This highlights that electronic recruitment has replaced traditional paper questionnaires being sent by post, not only in regard to response rate, but also in regard to cost.
Strengths and limitations
The strengths of the GR Study include the recruitment of a large, community-based sample of women aged 18 to 39 years that is representative of the Australian population of this age group by several characteristics.
The main limitation of the study is the lower than anticipated number of women who provided a blood sample.
Implications for public health
The quantum shift in the way individuals communicate and the high level of residential mobility of young people necessitates creative approaches to engaging people in clinical research. This study demonstrates that recruitment strategies can move from traditional paper-based methods to more modern electronic methods while maintaining external validity.
Conclusion
Despite the challenges, we successfully recruited, by predominantly electronic means, a large sample of Australian women aged 18 to 39 years that is representative of the Australian population.
